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the toxic action had been more profound at high than at low temperature. 
But the recovery, having once commenced, proceeded more rapidly at high 
than at low temperature. We have not attempted to trace any quantitative 
relation between temperature and rate of recovery ; we content ourselves with 
noting in this connection that after, e.g., quinine w/2000, recovery began at 
once at 19°, but was delayed for five minutes at 25°, in another case, i.e. after 
alcohol n/1 at 20°, recovery began after 1 minute, and at 24° after 
4 minutes. With a given toxic solution at a given temperature, the degree 
and completeness of recovery in saline were influenced by the previous 
duration of exposure to the action of the drug. Thus, e.g., in alcohol n/1 the 
delay of recovery was 6 minutes after immersion for 12 minutes, and 
10 minutes after immersion for 25 minutes. 
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Introductory. — • Within the last few years chloroderivatives of the aliphatic 
hydrocarbons, other than the familiar chloroform, have been used for various 
purposes, occasionally with fatal results. It would, therefore, appear desirable 
to apply physiological tests, in the first instance, to such compounds to 
ascertain whether they might reasonably be scheduled as poisons, before they 
are entrusted to the hands of unskilled and ignorant persons. As two such 
substances, namely (1) one of the isomeric tetrachlorethanes, and (2) trichlor- 
ethylene, came into my hands through Dr. Willcox, they were compared 
with chloroform (taken as a standard) by the muscle method ; further, as the 
physical data at least of the latter compound have been curiously overlooked, 
the opportunity was taken of determining certain of these by instruments, 
calibrated for previous investigations. 

Historical. — Symmetrical tetrachlorethane, sometimes called acetylene 
perchloride, CHCI2.CHCI2, was first obtained by Berthelot and Jungfleisch* 
from acetylene and chlorine gases in presence of antimony chloride; the 

* < Compt. Eend.,' 1869, vol. 69, p. 542. 
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substance is described as a liquid, b.p. 147, soluble in alcohol, insoluble in 
water. These writers also showed that when this compound is heated with 
alcoholic potash, one molecular proportion of hydrochloric acid is removed 
with formation of trichlorethylene, CHC1 : CC1 2 , a liquid, b.p. 88, of chloroform- 
like odour. 

Tetrachlore thane was more fully examined by Paterno and Pisati,* who 
prepared it from dichloraldehyde and phosphorus pentachloride ; the following 
physical data are given, b.p. (corr.) 147 + 0*25; D° = 1*614, D 24 = 1-578, 
D 100 = 1*522 compared with water at the same respective temperatures. 
They confirmed the observation of Berthelot and Jungfleisch as to the 
formation of trichlorethylene, b.p. 87 to 88. 

Trichlorethylene was also obtained by Paterno and Oglialorof as one of the 
products formed by heating chloral with phosphorus pentasulphide. 

Certain physical data of tetrachlorethane are given by Kanonnikoff,* 
namely D 26/4 = 1*5897 and the refractive index /ll a = 1*49051. 

The preparation of tetrachlorethane on a sufficiently large scale by the 
chlorination of either ethylene chloride or acetylene (adopting certain 
precautions) in presence of aluminium chloride is fully described by 
Mouneyrat.§ , As the cost of manufacture, both of acetylene and chlorine 
gases, as also the price of aluminium chloride, have been considerably 
reduced, tetra-chlorethane can be prepared cheaply, as also trichlorethylene 
from it. 

Tetrachlorethane. — The commercial product, fractionally distilled with a 
Young's still head with three bulbs, gave the following results : — 

Per cent. 
Portion boiling below 138° (binary mixture of water and 

compound) 2*0 

Ditto between 138° and 147° (probably trichlorethane) 9*5 

Ditto at 147°'2±0*1 (corr.) 77*0 

Eesidue, rather discoloured 7*3 

Loss 4*2 

100*0 

The portion of b.p. 147°*2 was taken as pure, the boiling point being 
nearly identical with that found by Paterno and Pisati. 

The densities of the liquid found were D 4 / 4 = 1*6208 and D 17 / 17 = 1*6013 , 

* 'Gazz. Chim. Ital.,' 1871, vol. 1, p. 461. 

t Ibid., 1873, vol. 3, p. 538. 

J * Journ. Euss. Phys. Chem. Soc., J 1892, vol. 34, p. 602. 

§ ' Bull. Soc. Chim./ 1898 [3], vol. 19, p. 452. 
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the former value being rather higher than that of the above-named 
writers. 

Trichlorethylene. — On distillation by the method described above, the 
following results were obtained. Bar. = 765 : — 

Per cent. 

Portion boiling below 87° (binary mixture of compound with 

water) , 7*5 

Ditto between 87° and 88° 805 

Kesidue, very discoloured 7*5 

Loss 4*5 

100-0 

The portion boiling at 87° to 88° was allowed to stand some days over 
calcium chloride, and then redistilled ; the main bulk of the liquid came over 
at 87*4 + 0*1 (corr.). Another sample was previously shaken up with a con- 
centrated solution of sodium carbonate, then dried over calcium chloride and 
redistilled; the main bulk of the liquid came over at 87*55 + 0*1 (corr.). Both 
the samples were used as pure for the purpose of experiment. 

I am indebted to Mr. Ellis for a determination of the chlorine contents ; 
the value obtained was 99*97 of that required by theory, thus showing that 
the method adopted for purification had been successful. 

As the statement has been made that trichlorethylene on distillation gives 
off hydrochloric acid gas, the receiver in the latter operation was connected 
with an absorption vessel, containing a definite volume of njlO sodium 
hydroxide, but the amount of alkali neutralised by the gas evolved on dis- 
tillation of 250 c.c. of trichlorethylene was quite insignificant. The vapour of 
trichlorethylene, kept in a stoppered bottle and exposed to ordinary daylight, 
gave an acid reaction, but the same applies in a less degree to chloroform. 

At present, no experiments have been conducted with a view of deter- 
mining the relative decomposition and consequent acidity of trichlorethylene 
and chloroform respectively of presumably the same degree of purity and 
under identical conditions of illumination. 

The suggestion is, however, raised that the superincumbent vapour, and not 
the liquid, in a partially filled bottle is initially decomposed. 

Determination of the density at different temperatures gave the following 
results : — 

I)4 /4 = 1.4904b, D 17 * 5 / 17 * 5 = 1*4702 , D 25 * 5 / 25 ' 5 = 1*4598 7 ; 

from these determinations the relative volumes in terms of that at 4° are : — 

Y 4 = l, V 17 . B = 1*0128, V 25 . 5 = 1*0209. 
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Refractive Indices of above Compounds. 

I am indebted to Mr. J. J. Manley, M.A., of the Laboratory, Magdalen 
College, Oxford, for these determinations, made with the Becker-Meyerstein 
spectrometer and quartz prism described in previous communications.* 

As the instrument and prism had been out of use for some time, it was 
thought desirable to remeasure the angle of the prism, and to determine the 
refractive index ^ of " conductivity " water. The following values show that 
the apparatus had remained in perfect order : — 

Angle of Prism. 
Present values. Past values. 

60° 6' 8" to 60° 6' 24". 60° 6' 0" to 60° 6' 24". 

Eefractive Index of " Conductivity " Water. 

fi-D = 1*333400 ±0*0 5 4. /n B = 1-333393. 

K Gm r x ohm" 1 = 1-3 . 10" 6 . K cm r l ohm- 1 = 1*2 . 10~ 6 . 

Tetrachlorethane. — Five independent determinations of fijy, made at tem- 
peratures 15 a 2 to 17°*3, and corrected to a standard temperature 17°, gave the 
following results : — 

(1) 1-495602 (3) 1-495595 

(2) 582 (4) 550 

(5) 1-495607 

The above lead to a final value 1*4955 87 ±0*0 5 6 calculated by BesseFs 
function. 

The determinations give for Gladstone's factor p — l/d = 0*3095, and for 
Lorenz' factor fA 2 —l/({jb 2 i-2)d = 0*1824 ; and if multiplied by the molecular 
weight 53*0 (50*6 Kanonnikoff), and 30*7 respectively. 

Trichlorethylene. — Six independent determinations of /jld at temperatures 
varying from 15*2 to 17*3 (Nbs. 1 to 4 with one portion, 5 to 6 with another); 
these, corrected to standard temperature, 17°, gave the following results : — 

(1) 1-479144 (4) 1*479125 

\^) •• OO \P) ••••" • *^J- 

(3) 50 (6) 56 

The above led to a final value 1*479141 + 0*0 5 3, calculated as before. 

The determinations give 0*326 for Gladstone's factor, and 0*193 for Lorenz' 
factor, which, when multiplied by the molecular weight, give 42*7 and 25*8 
respectively. 

* 'Boy. Soc, Proc.; 1901, vol. 69, p. 105 ; ibid., 1905, A, vol. 76, p. 472. 
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Preparation of Solutions for Physiological Experiments with Frog's Sartorius 

^Muscle hy Waller's Method* 

The standard taken for comparison was n/100 chloroform, and all data are 
given in terms thereof ; the chloroform sample used had been prepared from 
chloral hydrate. Solutions of chloroform, tetrachlorethane, and trichlor- 
ethylene were made up in physiological saline solution (0*6 per cent.) to 
m/100 concentration by weighing out to within 1 part in 800 the quantities 
of the several liquids required, which would be as under : — 

1*195 gramme chloroform in 1 litre = 0*119 per cent, (neglecting density 

variation of water). 
1*315 „ trichlorethylene ., =0*131 
1*678 „ tetrachlorethane „ = 0*168 



j> j> 



» » 



Half these quantities were actually taken and dissolved in \ litre saline 
solution. The chloroform and trichlorethylene dissolved fairly readily in 
this proportion, but the tetrachlorethane required a day or more for 
completion. 

It was found necessary to prepare the chloroform solution afresh after two 
or three days, as otherwise irregular results were obtained ; but whether this 
was the result of loss of chloroform by evaporation, or some chemical change 
between the chloroform and water in presence of daylight, or from both 
causes, was not further investigated. 

In the preliminary experiments with the commercial products the 
substances were weighed out as pure for lack of better data ; the errors 
would probably amount to 8 to 10 per cent. 

The experiments were conducted in the usual manner ; simultaneous 
records with a pair of muscles were obtained : firstly, of the normal response 
to induction shocks when the muscles were immersed in tap-water saline 
solution (0*6 per cent.) ; secondly, the time required for abolition of response 
after the solutions to be examined had been simultaneously substituted for 
the saline solution, and, thirdly,, the time and degree of recovery, if any, 
after the saline solution was in its turn resubstituted for the solutions under 
examination. 

Preliminary experiments with commercial samples of trichlorethylene and 
tetrachlorethane showed that the former was rather more toxic, but more 
regular in its action, than chloroform, and that the latter was about four 
times more toxic than chloroform; in both cases the recovery was more 
regular. The details with the purified materials are given in the sequel : — 



* < 
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(1) Tetrachlore thane. 



Solutions. 



Times of abolition. 



Recovery. 



First series of experiments. 



Tetrachlorethane, n/200 
Chloroform, ^/100 



Tetrachlorethane, w/400 
Chloroform, w/100 



mms. 

10 

17 

Second series. 

16*5 
16 



Slow, but fairly complete. 
Fairly complete. 



Grood. 

Rather irregular. 



Third series at lower temperature. 



# 



Tetrachlorethane, *&/400 
Chloroform, ^/100 



25 
25 



Fair. 

Rather irregular. 



* The effect of temperature had not been investigated when these experiments were performed j 
it is, of course, immaterial for comparative experiments with the same pair of muscles at the 
same temperature. 

The records obtained in the second series are given in figs. 1 and 2. 
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Hence, therefore, tetrachlorethane is four times more toxic than chloro- 
form, molecule for molecule, but recovery from anaesthesia or paralysis is 
more regular in the case of the former than in that of the latter. 

Trichlorethylene. 



Solutions. 



Times for abolition. 



Recovery. 



Trichlorethylene, w/100 

Chloroform, n/100 



First Series. 

mins. 
17-0 



Delayed for some time, then 

fairly good. 
Fairly good. 



Hence ratio chloroform to trichlorethylene = 1 : 1 *8. 



Trichlorethylene, n/200 

Chloroform, n/100. 



Second Series. 

24-5 
17-0 



Gl-ood. 

Fair. 



Hence ratio chloroform to trichlorethylene ~ 24 '5/2 : 17 = 1 : 1 '5. 



Trichlorethylene, n/150 
Chloroform, ^/100 



Third Series. 
25-0 

25*0 



Good. 

Fair. 



Fourth Series, repetition of Third, at higher temperatures. 



Trichlorethylene, njWO 

Chloroform, %/100 



17-0 
17*0 



G-ood. 



3> 



The records obtained in the third series are illustrated in figs. 3 and 4. 
Hence, trichlorethylene is 1*5 times more toxic than chloroform, molecule 
for molecule, or 1-36 times, weight for weight. It will be observed on 
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inspection of figs. 3 and 4 that^not only the course of abolition, but also 
of recovery, are much more regular in the case of triehlorethylene than in the 
case of chloroform. Accordingly exact measurements were made of the 
amount of response expressed in millimetres, the outlines for the purpose 
being copied out on squared tissue paper. 
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Fig. 4. 



Taking, then, these heights in the course of abolition as a measure of the 
action, whether chemical or otherwise, of the triehlorethylene and chloroform 
respectively on the isolated muscle, the results are as set out below. In 
the first column are given the times in minutes from start ; in the second, 
fourth, and sixth columns the observed heights in millimetres ; in the third 
the values calculated from equation Ax/ At = constant = 1 ; and in the fifth 
similar values from equation Ax/ At = constant = 1*5. The rate of chemical 
change would, of course, be the reciprocals of these numbers. 



I. 


Triehlorethylene. 


Chloroform. 


II. 


III. 


IV. 


V. 


VI. 


VII. 





18 


17 


20 


20 


JLo 


15 


2 


16 


15 


17 


17 


14 


16 


4 


13 


13 


13 


14 


13-5 


15*5 


6 


11 


11 


11 


11 


12 


13*5 


8 


9 


9 


7 


8 


10 


10 


10 


7 


7 


5 


5 


5 *5 


5 


12 


6 


5 


2 


3 


3 


3 


14 


^k! 
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16 
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0-5 
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0-5 
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It will be observed from the above numbers that the action of tri- 
chlorethylene on the muscle can be represented practically, except at the end, 
by a straight line,* the geometrical figure being approximately a right- 
angled triangle, whereas that of chloroform is initially an area bounded by a 
convex and a concave surface, and finally becomes triangular. 

Though cases in which the rate of chemical change is a linear function 
of time are rare, yet they have been observed, especially with solutions 
of very great dilution.-]- Such a result wquld not, therefore, exclude the 
action of trichlorethylene on muscle from the category of chemical change. 

As regards the recoveries, that from the chloroform was, at first, more 
pronounced, but generally a diminution set in, and in some cases a con- 
tracture more or less marked, which put an end to the record. On the 
other hand, that from the trichlorethylene started slowly and proceeded 
regularly. The measurements of one such recovery are given ; at the point 
called " interval " it was necessary to reset the travelling plate and marker 
for a higher line ; the time would be about two to three minutes. 
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Time. 
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Time. 
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Time. 
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8'5 
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11 






10 


9 


22 


11-5 



From these figures it is clear that after the first interval the recovery 
increases uniformly at the rate of 1 mm. per two minutes at the earlier 
stage, and of 0*5 mm. per two minutes at the latter stage, the difference 
between these two rates being probably an effect of fatigue. But, however 
this may be, the recovery from trichlorethylene is more regular than that 
from any other drug examined by this method. 

* From an inspection of numerous records it appears probable that an arc of a curve 
has become almost coincident with its chord ; the result is quite analogous with certain 
cases of chemical change. 

t Veley, ' Chem. Soc. Trans./ 1909, vol. 95, p. 1188. 



